Parkinson's disease is a neurodegenerative disease that spreads rapidly through the brain, and can influence a number of vital systems. The cause of this disease appears to be brought on by the progressive inability to produce adequate dopamine in the brain. People that suffer with Parkinson's have reported REM sleep disruption at the onset of the condition. This paper reviews several animal model lesion studies related to the Pedunculopontine Nucleus, and how it plays a role in sleep regulation following a decline in dopamine production in those with parkinsonian conditions. The goal of this paper is to elucidate the functioning of the PPN and explain the nuclei's possible role in the onset and progression of parkinsonian conditions in animal models.
Introduction
Parkinson's disease is a neurodegenerative disease that spreads rapidly through the brain, and can influence a number of vital systems. The cause of this disease appears to be brought on by the progressive inability to produce adequate dopamine in the brain. The drop in dopamine causes a disruption in communica-ronmental, and genetic in nature. People that develop this disease have a grim prognosis, as there are very few options currently available. As with most studies, human subjects are few and far between, so we are mostly reliant on animal studies. Although animal physiology differs from humans, the Pedunculopontine functioning is observed to be consistent across species (rats, cats, humans, monkeys) [1] . Through animal studies of various types, we have begun to develop a possible working schematic of this area's properties, and how they may help find a treatment for Parkinsonian symptoms [2] .
Understanding Parkinsonian Symptoms and Their Neurological Basis: Basal Ganglia
First and foremost, Parkinson's is a disease that attacks the nervous system. The area that is most involved in the degeneration is the Basal Ganglia, or more specifically, the substantia nigra. The substantia nigra is broken down into two components known as the pars compacta and the pars reticulata. Of these two partitions, the substantia compacta are considered to be the most important dopaminergic component. In the substantia nigra, the substantia compacta projects This dual pathway system results in two pathways of excitation that need to remain balanced in order to produce movement. When one pathway becomes favored over the other, compensation begins to take place. Other areas of the brain remain abnormally excited, which keeps the opposing pathway inhibited. In the case of Parkinson's disease, the indirect pathway remains hyperpolarized. The causes the thalamus to also remain inhibited which results in an inability to initiate movement.
Understanding Parkinsonian Symptoms and Their Neurological Basis: PPN
One interesting finding that could mean a better treatment for Parkinson's suffers is that of the Pedunculopontine (PPN, PPT, PPTg) area as regulatory nuclei.
The specific role this area plays in the onset and progression of Parkinson's is still unclear, however, there has been much research in the area to try to understand its functioning. First, the Pedunculopontine nucleus (PPN) is an area located caudal to the substantia nigra and adjacent to the cerebellar peduncle.
In order to understand the implications of the PPN's functioning, it is important to understand its communications. The PPN receives reciprocal communications that span from the brain stem, up into the cortex. Major areas that the PPN communicates with are the basal ganglia, somatosensory and motor cortex, subthalamic nucleus, and the thalamus. Although communication pathways have been empirically established, it is still difficult to determine the primary communication mean of the PPN. For example, the PPN receives inhibitory afferents from the output nuclei of basal ganglia from the SNr and EP and the excitatory projections from the subthalamic nucleus [3] . The PPN also projects excitatory communication to the substantia pars compacta (but does not receive).
The way in which the PPN communicates with the Basal Ganglia is of particular importance to this review. Unlike the substantia nigra, its neurons are primarily glutamatergic and cholinergic. We will revisit these two points later in the literature review.
REM Sleep Disruption Parkinson's Disease in Humans
There are many signs that may point to the onset of Parkinson's disease. Tremors, loss of fine motor control, loss of olfaction, changes in gait and motion, bowel disturbance, soft speaking, paralyzed facial expression, and stooping posture are all early symptoms. These symptoms, independent of each other or in any combination, can also point to a number of other physiological ailments [4] . Unfortunately, at the current state of medical diagnosis, by the time the patient is exhibiting these symptoms, they've already lost almost half of their dopaminergic pathway.
The reason for examining REM sleep disorders above all other symptoms of Parkinson's is because it is the single best predictor of neurodegenerative disease [5] . Specifically, a type of REM sleep disorder known as REM Sleep Behavior Disorder, causes the individual to not achieve atonia while in REM sleep, causing the person to act out their dreams. An example of this would be a person that frequently sleep walks. Although sleep may be initiated in the brain stem, it is possible that the PPN is the relay that initiates the various phases of that sleep cycle [6] .
REM Sleep Disruption Studies of Induced Parkinson's Like Symptoms in Animals
When lesioning an area of the brain to check for system functioning, it is important to control for the type of lesioning that is taking place. Some studies lesion the PPN without accounting for the fact that there are both cholinergic and GABAergic neurons that comprise the PPN. This type of indiscriminate lesion will yield results that are not inconclusive. It is postulated that the most accurate way to produce Parkinson's in animal subjects is to inject them with a synthetic drug compound known as MPTP (methylphenyltetrahydropyradine). This drug (initially discovered by drug addicts) destroys the user's dopamine neurons, whilst sparring other pathways in the brain.
Lesioning the PPN
A particular study conducted by Petrovic, 2014 sought to use the proposed mouse model to investigate the PPN's role in regulating REM sleep cycles via the cholinergic pathway. In this study, the researchers used 33 Wistar rats, and performed a bilateral lesion of the PPN.
Following the lesion, an EEG was implanted to begin recording the brain activity. Following the period of recording, the animals were sacrificed and had their brains removed for staining. The recordings were passed through a Fourier transform to access for REM and NREM states. In addition to the filter, the researchers separated the REM sample into REM 1 (without atonia) or REM2
(with atonia). The data showed a significant change in the sensorimotor cortex when transitioning from wake to REM1 and wake to REM2. This increased activity suggests that the PPN lesion has decreased the necessary atonia to keep the animal from initiating movement while in REM sleep phase. The rapid cycling coupled with increased beta and theta wave amplitudes means that the individual is more likely to initiate stronger action potential to the sensorimotor and motor cortices. In a similar study, researchers interested in using stimulation to counter the "freezing" of parkinsonian patients used EEG data to access the patient's brain waves as they were trying to initiate movements. They found that when the patients began to "freeze" their Alpha waves peaked strongly. This is against what you would expect to find in an awake individual. Perhaps the overall change in dopamine causes a disruption in more than just the chemical makeup of the brain. Perhaps the lesion of the PPN results in damage to other areas? [7] . This next study reviews how the PPN related to areas along the striatal pathway and with its anatomically adjacent structures.
Lesioning the Nigrostriatal Pathway
So, as I have mentioned previously the PPN projects excitatory communication to the substantia pars compacta (but does not receive), but unlike the substantia nigra, its neurons are primarily glutamatergic and cholinergic. These projections are strong compared to other efferent to the compacta. A particular study conducted by Breit and colleagues sought to use the proposed mouse model to investigate the PPN's role in tipping the nigrostriatal pathway from balanced to imbalanced. In this study, the researchers used 22 Wistar rats, and lesioned their areas of interest balanced on the stereotaxic atlas for this breed. They began with a lesion to the substantia nigra compacta, and recorded the changes in firing rates of the PPN. After one week, the researchers performed a second lesion to the subthalamic nucleus, and again, recorded the activity of the PPN. Following a one-week period of recording, the researchers sacrificed the lab animals, removed the brain, and used a tyrosine hydroxylase stain to access the level of degeneration along the dopaminergic pathway.
Results and Discussion
Following the lesioning of the Nigrostriatal pathway and substantia compacta, PPN activity increased by 5 cells firing at 18 spikes per second. The variation here also increased, suggesting that the firing pattern became erratic in nature.
What is interesting about this is that, when the compacta lesion occurred, the spikes became shorter and more rapid. Once the subthalamic nucleus was lesioned, the activity in the PPN dropped below the normal rate for the population in firing rate and interval spikes, but the number of cells that fired remained elevated, and the irregularity of firing remained. This artifact could be due to a neuroplasticity change that occurred as a result of the first lesion, or it could signal an error in the amount of tissue that was lesioned. If more than the direct pathway of the compacta was lesioned, lesioning the subthalamic nucleus as well would only blunt the PPN firing. I will revisit this in the limitations.
After lesioning the substantia compacta, the PPN began to fire rapidly. This lesion would mimic the imbalance created by the change from balanced pathways to primarily indirect pathway. The lesion to the subthalamic nucleus was able reverse the rapid fire condition of the PPN, to a semi normal state. This re-
sult, confirms what we knew of the substantia compacta and the subthalamic nucleus, but brings to light evidence of the idea of that the PPN being might be a regulatory area almost similar to the function of the LGN to the thalamus.
Limitations
Due to the nature of the lesions discussed in both studies, I would like to see the 
Conclusion
In 
